Background: Growth retardation is a challenge in Bangladesh. School feeding programs with fortified biscuits have been evaluated in Bangladesh. However, the impacts of a school meal program using local foods on the growth and nutritional status of children have not been investigated. Objective: To determine whether a school meal program (SMP) using local foods with soybean could improve children's growth and micronutrient status in rural Bangladesh. Methods: Two primary schools were randomly assigned as intervention (SMP; n = 200) and control (non-SMP; n = 200) schools. Children in the intervention school were supplied a school meal with local foods including soybean, containing more than one-third of the recommended daily allowance of energy and nutrients, 5 days/week for 8 months. The attendance rate and school lunch consumption of the children were monitored. Baseline and final anthropometry, hemoglobin and micronutrient status were assessed. Results:
tional status of children have been reported. In Jamaica, the provision of a school breakfast benefited children's school attendance, achievements and nutritional status, including height, weight and body mass index (BMI) [27] [28] . A community-based school snack was provided by the Indonesian government from 1996 to 1998. Its effects on the attendance rate of children, selection of nutritious foods by parents and community members, and benefit for the local economy via the use of local foods were reported, but no effects on nutritional status were reported [29] . A small-scale study in Indonesia found that school meals improved hemoglobin and hematocrit levels and body mass index [30] , and a large-scale study in Pakistan found a decreased percentage of children with wasting [31] , but no comparisons were made with controls. In Malawian children, school feeding was associated with an improvement in reversal learning and catch-up growth in lean muscle mass but not in height and weight [32] .
Some studies used local foods, which contain nutrients showing shortages in children in low-income countries. In Burkina Faso, a randomized controlled intervention trial found a positive impact of the addition of red palm oil, a local food, to school meals on vitamin A status but not on anthropometry [33] . Many studies have been conducted in Kenya. An intake of micronutrients high in animal-derived foods was associated with better growth in rural Kenyan school children [34] . In addition, nutrient intake and nutritional status were better among participant pupils of a parent-supported school lunch program in Kenya compared with nonparticipant pupils [35] . Food supplements had a positive impact on weight gain, and the addition of animal-sourced foods increased the lean body mass of school children in Kenya [36] , with meat supplementation also increasing arm muscle area [37] . A cluster randomized controlled feeding intervention showed beneficial effects of school snacks using meat, milk and vitamin A-fortified oil on morbidity [38] and school test scores [39] .
A review of the effects of school meals indicated relatively consistent positive effects of school feeding on energy intake, micronutrient status, school enrollment and child attendance. However, their impact on growth, cognition and the academic achievements of school children is less clear [40] [41] . More evidence of the effects of school meals with local food on growth should be obtained.
Protein energy and micronutrient deficiency are serious public health problems in Bangladesh. The prevalence of stunting (height-for-age Z-score < −2), wasting (BMI-for-age Z-score < −2) and underweight (weight-for-age Z-score < −2) among children have been reported for under 5 years of age [42] and for 6 to 9 years of age [43] . Anemia is common among all age groups and in both sexes [44] [45] [46] . Subclinical vitamin A deficiency among preschool and school children has been reported [46] [47] . One of the causes of growth retardation and anemia is poor macro-and micronutrient intake. The daily intakes of energy per head for children aged 7 to 9 years and 10 to 12 years in 1995-1996 were 1504 kcal (males) and 1314 kcal (females) and 1788 kcal (males) and 1639 kcal (females), respectively [43] . The average protein intake in children aged 7 to 9 N. Murayama et al.
DOI: 10.4236/fns.2018. 94023 293 Food and Nutrition Sciences years in 1995-1996 was lower than required, at 37 g (males) and 33 g (females) [39] . Further data show that 20% -40% of school children (aged 5 -10 years) take less protein than required [48] . For adults, vitamin A deficiency is highly prevalent among rural pregnant women [49] [50] . The high prevalence of inadequate micronutrient intake has been shown by food balance sheets for Bangladesh [51] . The very poor micronutrient intake of preschool children and women is explained by both a low food intake and limited diversity [52] .
Based on the previous data and higher primary school enrollment rate, at 93%
for males and 97% for females in 2010-2014 [53] , a school meal program with local foods would be a reasonable approach in Bangladesh. School feeding programs with fortified biscuits have been evaluated in Bangladesh [48] [54]. However, the impacts of a school meal program using local foods on the growth and nutritional status of children has not been investigated. We focused on protein, iron, zinc and vitamin A because these nutrients are particularly important for growth and anemia prevention, both of which are serious public health problems in Bangladesh, as mentioned above. To increase the amount and quality (amino acid variety) of protein and the amount of iron and zinc, we used soybean because the typical diet in Bangladesh is based on cereal, which can lead to inadequate protein consumption because of poor digestibility and limited amounts of lysine [55] . Many kinds of beans are used in Bangladesh, and soybean can easily be introduced into the local diet. Soybean is easy to grow, rich in lysine and can compensate for the shortage of lysine in rice. In addition, dried soybean can be preserved without refrigeration, which is important because many villages in Bangladesh lack electricity. To increase the amount of vitamin A, we also used local green leafy vegetables.
Thus, the objective of this study was to assess the impact of a school meal program with local foods containing soybean on the growth and micronutrient status of school children in rural Bangladesh.
Methods

Study Sites and Participants
The study was conducted in the Sharsha sub-district of the Jessore district, located in the southwestern region of Bangladesh bordered by India. A non-governmental organization, the Japan-Bangladesh Cultural Exchange Association (JBCEA), has been conducting an income-generating and lifestyle-improving program in this area. This study was a collaboration of the authors and the JBCEA.
Two government schools were selected according to the following criteria. We selected six areas in the Sharsha sub-district that were not beside the main road to avoid the bias of the introduction of new external food/information during the intervention. A sample size of 95 children per group was calculated based on an estimated difference in hemoglobin concentration at the end of the study of 4 g/L with an estimated standard deviation (SD) of 9 g/L, significance level and height in the six schools and selected two of these schools without differences in the mean weight and height.
One school was randomly allocated as the intervention school, which was supplied the school meal (SMP school), and the other was the comparison school, which was not supplied the school meal (non-SMP school). The non-SMP school planned to introduce a school meal in the next year, and they agreed to join this study. There were 211 (98 males and 113 females) and 200
(111 males and 89 females) children registered in the SMP and non-SMP schools, respectively ( Figure 1 ). All parents of the students were contacted and consented to their child's participation in the study. We excluded 13 children 
Research Design
The Children in the SMP school received the school meal at lunch time every day that they attended school. There were 253 days during the intervention period and 127 school days in the SMP school after excluding Fridays, Saturdays and holidays. There were 152 school days in the non-SMP school. The JBCEA staff checked the quality and quantity of the school meals at least once per week.
We created two kinds of meals based on the local menu that was popular in the village. One was "Kichuri", which is boiled rice porridge with vegetables, soybean and spices; the other was curry and boiled rice with soybean. The same ingredients were used in the two menus. The school meal ingredients are shown in (5 -8 years of age) and classes 3 through 5 (9 -13 years of age) due to the differences in their RDAs. The nutrient contents of the school meal and % RDA are shown in Table 2 .
Before the school meal program was started, we prepared the following: 1) a manual for school meal preparation, which included information on hygienic food preparation, cooking equipment, table wear, hand washing, order of foods, cooking methods and weighing and serving of meals; 2)training for chefs, the JBCEA employed and trained five chefs from the community for 5 days (3 days for hygiene and 2 days for cooking and serving), and four practice simulations involving meal cooking and serving were performed before the study began; and 3) cooking environment; as such, a kitchen and dining room were built at the school, and the water was tested to prevent arsenic contamination.
Regarding the time and place of the school meal, children in classes 1 and 2
had the meal from 12:15 to 13:15 in the classroom and went home afterward.
Children in classes 3 through 5 had the meal from 11:00 to 12:00 in the dining room. The children in both schools took a tablet for deworming every 6 months.
The SMP school children were instructed to wash their hands before eating the school meal.
The estimated school meal consumption was monitored according to the following methods. Teachers recorded the attendance of children every day during the intervention period. To estimate the consumption and calculate the consumption rate for each child, we weighed the serving amount and the leftovers for each child on 3 non-consecutive days in October 2010. The consumption rate was calculated by subtracting the leftover amount from the serving amount and dividing by the serving amount.
Data Collection
Sociodemographic data were collected at baseline only. Anthropometrical data and blood samples were collected from all children at baseline and at the end of the study.
Sociodemographic data were collected in January 2010 at the participants'
homes. The staff of this project attended three training sessions of 2 hours each.
They interviewed the parents of the children using a questionnaire. The questionnaire assessed household members, parents' education level, religion, household income, area of land owned by the household and number of months of rice shortage. To assess the protein intake levels, parents were asked the frequency of consumption of protein-rich foods (e.g., fish, egg, poultry and meat) of the child.
Anthropometric measurements (height and weight) were obtained by the same well-trained project staff from the JBCEA at baseline and at the end of the intervention period according to the anthropometric standardization reference manual [57] . All measurements were performed in the morning before lunch. by the use of the high-performance liquid chromatography (HPLC) method (Shimadzu, LC, Kyoto, Japan). Serum Zn was measured using a standard procedure involving flame atomic absorption spectrometry, which was modified from the graphite method (Perkin Elmer, AAnalyst 800, Shelton, CT, USA).
The precision of all of the biochemical assays was checked using pooled serum, and their accuracy was established using certified reference materials or appropriate manufacturer controls. The corresponding between-assay CVs of the low-to-high control samples for iron, ferritin, TIBC and UIBC were 4.2% to 1.8%, 7.8% to 6.5%, 2.8% to 3.97% and 2.1% to 2.9%, respectively. To estimate 
Statistical Analysis
Stunted growth was defined as HAZ < −2 SDs and wasted was defined as BMIZ < −2 SDs of the WHO standards [58] . Anemia was defined as a hemoglobin concentration < 115 g/L for children aged 6 -11 years and < 120 g/L for children aged 12 years and older [59] . A low MCV was defined as an MCV < 80 fL, and plasma ferritin concentrations < 20 µg/L were defined as depleted [59] . Subclinical vitamin A deficiency was defined as a plasma retinol concentration < 0.70 µmol/L [60] . Zinc deficiency was defined as serum Zn < 0.65 mg/L for children < 10 years, Zn < 0.66 for female subjects ≥ 10 years and Zn < 0.70 mg/L for male subjects ≥ 10 years [61] . Statistical analyses were performed using SPSS software (Windows, version 21.0). Differences in sociodemographic characteristics and the prevalence of undernutrition at baseline between children in the SMP and non-SMP schools were tested using chi-square and t-tests (two-tailed). Differences in baseline data between children in the SMP and non-SMP schools were examined using t-tests (two-tailed). Differences in changes in the data from baseline to endline between children in the SMP and non-SMP schools were examined by ANCOVA, adjusted for sex, age and value at baseline. Differences were considered significant at P < 0.05.
The study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the ethics committee of the Niigata University of Health and Welfare, Japan (No. 17155-100106), and the National Research Ethics Committee of Bangladesh in Medical Research Council (BMRC/NREC/2007-2010/147). The staff of this study visited all students' houses to explain the school meal and study protocol to the parents. Parents were invited to an information meeting at the schools. Written informed consent was obtained from all subjects' parents. Permission from the Jessore District, Sharsha sub-district, communities and schools were obtained via meetings. This trial was also approved by the Government of the People's Republic of Bangladesh, Office of the Primary Education Section 2 (memo no. PraShia/Pori: and Dev:/25/2010/62).
Results
Characteristics of Participants at Baseline and Attendance Rate/Consumption Rate during the Program
The sociodemographic characteristics at baseline are shown in 
Effects of the School Meal on Anthropometric Outcomes
The anthropometric outcomes are shown in Table 5 . There were no significant differences in anthropometric indicators at baseline between the SMP and non-SMP schools. After 8 months, children in the SMP school showed greater increases in height and HAZ than children in the non-SMP school, both males and females. The mean (standard error) changes in height and HAZ of children in SMP vs non-SMP schools were 3.8 (0.1) cm vs 3.3 (0.1) cm (P < 0.001) and 0.03 (0.01) vs −0.04 (0.01) (P < 0.001), respectively. There were no differences in mean changes in weight, BMI, WAZ or BMIZ.
Effects of the School Meal on Biochemistry Outcomes
The biochemical outcomes are shown in Table 6 . There were significant differences in baseline data between the SMP and non-SMP schools for hemoglobin, UIBC, serum retinol and serum zinc. Children in the SMP school had lower levels of hemoglobin and serum zinc and higher levels of UIBC and serum retinol p-value for chi-square test between children in the SMP and non-SMP schools. Stunted was defined as a height-for-age Z-score < −2 SDs of the WHO standards median. Wasted was defined as a BMI-for-age Z score < −2 SDs of the WHO standards median. Anemia was defined as hemoglobin (Hb) < 115 g/L for boys and girls < 12 years old and Hb < 120 g/L for boys and girls ≥ 12 years old. Depleted iron stores were defined as serum ferritin < 15 µg/L in boys and girls of all ages. Subclinical vitamin A deficiency was defined as serum retinol < 0.7 µmol/L (20 µg/dL) in boys and girls of all ages. Zinc deficiency was defined as serum Zn < 0.65 mg/L for children < 10 years old, < 0.66 mg/L for girls ≥ 10 years old, and < 0.70 mg/L for boys ≥ 10 years old. Table 5 . Anthropometric status of participants at baseline and endline and the change between baseline and endline. spectively. In contrast, the changes in MCV (P < 0.001), UIBC (P = 0.02) and serum retinol (P = 0.02) were smaller in the children in the SMP school than in the children in the non-SMP school. There were no differences in the amount of change between the two schools for other indicators, such as hematocrit, serum ferritin, serum iron, TIBC, transferrin saturation and serum zinc. There were no significant changes in the prevalence of stunting, wasting, anemia, depleted iron stores, subclinical vitamin A deficiency or zinc deficiency (data not shown).
Discussion
This study investigated whether the administration of a community-based school meal containing local foods and soybean over a period of 8 months could improve the physical growth and micronutrient status of school children. To our knowledge, this is the first study to use soybean and local foods without any fortification in a school meal program and to evaluate their impact compared with a control group. Children who participated in the school meal program showed significant improvements in height velocity, HAZ and hemoglobin concentration compared with nonparticipating children. These findings stress the importance of an adequate protein and amino acid composition of school meals in low-income countries where there is a low availability of animal protein foods.
Energy and nutrient intakes from the school meal in this study were estimated. The school meal supplied about one-third (33%) of the energy and riboflavin needs, more than two-thirds (66%) of other nutrients and almost the correct amounts of amino acids according to the daily requirements. Children consumed 80% of the supplied school meal per day. Among a total of 253 days during the intervention period, there were 127 school days, meaning that the school meal was only supplied on 50% of days. The estimated average requirement intake per day during the intervention period was 13% of energy and riboflavin, 26% of other nutrients and 40% of amino acids. Thus, we need to consider the number of school days when planning an effective school meal program.
At baseline, the rates of stunting and wasting were 20% -30% and 20%, respectively. In previous studies, the prevalence of stunting in 2011 and 2014 was 41% and 16%, the prevalence of wasting in the same years was 36% and 14%, respectively, among children under 5 years of age [42] . In 1995-1996, the prevalence of stunting and wasting among children aged 6 to 9 years was 54.8% (males) and 50.1% (females) and 17.7% (males) and 19.1% (females), respectively [43] . Another study reported that the rates of stunting and wasting were approximately 20% and 30%, respectively, in 2008 [20] . The baseline anthropometric status of this study was thus similar to that of previous work.
The soybean-based school meal improved the linear growth of children with a statistically significant change in height velocity and HAZ, but not in BMIZ. The results are comparable to those of a previous one-year intervention study in Bangladesh school children using micronutrient-fortified yogurt [20] . However, there is little evidence on the effects of school meals on anthropometry out- [27] and Malawi [32] showed no effects of school meals on weight and height, whereas a study from Indonesia and Pakistan showed an effect on recovery from wasting [30] [31] . Height gain during the school feeding intervention period, using milk or meat, was positively predicted by the average daily intake of energy from animal foods, iron, calcium, vitamin A and vitamin B 12 among Kenyan school children [34] . However, a review reported that the positive impact of school feeding on growth was less conclusive [40] .
There are some possible reasons for these results. One reason is the effects of micronutrients. A systematic review noted that the effects of micronutrients on growth were equivocal [62] . A meta-analysis of the effects of micronutrients on the growth of children found that multi-micronutrient interventions did improve child growth [63] . Another possible reason is protein quality and quantity.
Additional dietary protein, mainly from soybean, increases tissue deposition for growth and provides an important anabolic drive for linear bone growth in this study. Several intervention studies with additional protein-rich foods suggested a similar specific stimulatory effect of protein on linear bone growth mediated through IGF-1 [55] . In the current study, serum retinol and serum zinc levels
were not improved in the children in the SMP school. Thus, it is reasonable to assume that the height gain during the school feeding intervention period using soybean was positively predicted by protein quantity and quality. Further research into the mediator between protein nutritional status and growth, such as IGF-1 and growth hormone, is needed to confirm this assumption. The prevalence of anemia at baseline was 80% -95% in the SMP school and 70% -80% in the non-SMP school, showing a significant difference. In previous studies, the prevalence of anemia in preschool children, school children and pregnant women was 50% -60%, 30% -40% and 40% -50%, respectively, from 2001 to 2004 [44] [45] . The prevalence of anemia in school children in 2008 was 53%, 16 and in 2011-2012, it was 19% [46] . The anemia prevalence in this study was thus higher than that of previous studies. However, the prevalence of depleted iron stores was very low. A high prevalence of anemia without depleted iron stores was observed in previous studies [20] [64] [65] . A high level of iron in groundwater could be one of the reasons for the higher iron status [64] [65]. The low hemoglobin concentration is explained by the low intake of animal foods and vitamin A [66] [67] , and multiple micronutrient fortifications of food or supplementation enhanced the hemoglobin status in Bangladesh [68] [69] . Children in the non-SMP school showed a hemoglobin concentration decrease of −0.5 g/L during the intervention period, but the hemoglobin concentration of the SMP school children did not change; the difference in the changes between the groups was significant. One of the possible reasons for the decrease in the hemoglobin concentration among non-SMP school children might be an increased need for hemoglobin mass during rapid growth [60] . The SMP school children showed no change in hemoglobin concentration because the school meal compensated for the increased need for nutrients to increase hemoglobin [69] . Another possible reason is the increased quality and quantity of the protein from the soybean school meal in the SMP school children. Protein quality and quantity, especially histidine, are important for maintaining the hemoglobin concentration [70] . The prevalence of subclinical vitamin A deficiency at baseline was less than 20%. The prevalence of zinc deficiency ranged from 13% to 36%. In previous studies, the rates of subclinical vitamin A deficiency among preschool children and school children were 56% and 3% -4%, respectively, in the 1990s [47] , and both were 21% in 2011-2012 [46] . The baseline nutritional status of vitamin A in this study was similar to that of previous studies. There was no previous data for zinc deficiency among children in Bangladesh. There were no positive effects of the school meal on serum retinol or zinc concentrations, possibly due to the relatively higher serum retinol and zinc concentrations at baseline and an insufficient amount in the meal to cause significant changes during the intervention period.
There are some limitations in this study. First, the baseline data of nutritional biomarkers in blood differed between intervention and non-intervention children because we ethically could not take blood before sampling the schools. Second, infection can influence biomedical indicators, but we did not measure C-reactive protein levels or monitor morbidity. Third, this study was conducted only for one intervention school and one non-intervention school in one area of rural Bangladesh.
Even with these limitations, the findings of this study suggest that school meals containing a certain amount of amino acids improve height velocity in school children in low-income countries. Not only iron but also protein may play important roles in maintaining hemoglobin concentrations. Thus, both micronutrients and the amount and quality of protein should be considered when providing school meals in low-income countries.
Two directions of further study are recommended. One is a large-scale, population-based study. Another is a study to investigate the mechanisms of the effects of a school meal with soybean on growth and the quality and quantity of protein required for appropriate human growth.
Conclusion
Children who participated in a community-based school meal program using 
